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@ Mtffhodcfcarrylngoutheterogeneouecatalytlccbemicalprocedises; 

@ A catalytic chemical process Is carried out non^iabati- 
caliy using as a catalyst a body with two sets of channels 
ttiroughout the body.. One set of channels leads the process 
fluid towards one of two parallel walls of the. catalyst chamber, 
the other set towards the other wall. In sQts between walls and 
catalyst heat Is exchanged between process fluid and at feajst 
one of these walls upon rsfleoting (he process fluid leaving 
channels of one set and entering <^Tannels of the* other. The * 
body m^ be made of altematingly corrugated and plane sheets 
using In turn two dHferent orfentations for the conugated 
sheets, tt Is preferred that the sheets are arranged orthogonal 
to the heat transmitting wall(8) end parallel to the overall 
direction of flow. 1he- method Is preferred for endothermic 
processes, espedatly eteam refbnniing of hydFOcarbon(s). 
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Description 

METHOD OF CARRYING OUT HETEROQENEOUS CATALYTIC CHEMICAL PROCESSES 

The present Invention relates to a method of carrying out catalytic chemical processes under non-adlabatic 
conditions. 

5 In a heterogeneous catalytic chemical process, a process fluid is contacted with a solid catalyst or a 
supported Dqufd phase catalyet which catalyses one or more reactions to form part of the process, the catalyst 
usually being ananged in one or more beds In one or more catalyst chambers In a catalytic reactor. 
Throughout this specification by the term "catalytic processes" is meant processes of this Wnd. 
Canylng out a catalytic process under non-adiabatic conditions Implies that during passage of the process 

10 fluid through the catalyst bed or beds heat is exchanged between the process fluid and some agent for heating 
or cooRng. usually by convective heat exchange with a heat transmitting wail separating the process fluid from 
said agent 

Throughout this specification the tann •cataiysf means any solid catalyst or supported liquid phase catalyst 

whether in one or more monolithic blocks or In the fonti of particles. Similarly "catalyst bed" means a bed In 
IS which any such catalyst is placed. "Catalyst support body" means a body which is usable for being 

transformed Into a catalyst, e,g. by Impregnation or coating, whether or not the thus treated body must 

undergo one or more further special treatments before reaching an active catalytic state. e.g. calcining or 

reduction. SImilarfy. a catalyst as above defined mc^ need a special treatment after bebig loaded into a catalyst 

chamber In order to reach an active state. 
20 The term fluid Includes both liquid and gaseous substances. 

Chemical processes may be classified either as endothermic processes, which consume heat, or as 

exothermic ones, which produce heat 
Among the endothermic cata^c processes of Industrial bnportance and carried out at non-adiabatIc 

conditions, steam refcrmlng of hydrocarbons may be mentioned as an example. It is usually performed at 
25 400-850^0. The process Is often perfbnned In tubes containing a catalyst promoting the reaction(s). The tubes 

m^ be amanged In a radiant furnace chamber In which the combustion of a fuel supplies tiie necessary heat 

The process may as an alternative be performed in a heat exchange reformer. e.g. as disclosed In European 

Patent Application No. 195,688. 
Exothennic catalytic processes are often performed at 200-600*0. As examples of exottiermic processes of 
SO industrial importance canied out under non-adlabatic conditions, partial oxidations may be mentioned. e.g. the 

manufacture of ethylene oxide, formaldehyde, or phthalic anhydride. Another example Is methanation of 

carbon oxides. These processes are often perfomied In cooled tubular reactors. 
Some industrially Important catalytic processes are reversible and exothermic, e.g. manufacture of ammonia 

or methanoL These processes are often performed while recirculating a part of the process gas through the 
35 catalyst beds as tiio conversion per pass is often ftdrly smalL A number of different concepts are used among 

which some are non-adlabatic. 
A combination of pressure drop In the process fluid passing through the catalyst bed and heat transfer 

coefficient between tiie process fluid and ttie heat transmitting walls of tiie catalytic chambers will often 

represent the limiting process condition for throughput and yield wtth a given amount of catalyst as well as for 
40 process econotny. A low pressure drop and a high heat transfer coefficient represent the desired process 

conditions. A low pressure drop will reduce the power required by the process plant InBspecflve of type of 

catalytic process. A high heat transfer coefficient Is desirable for alt types of non-ediabatio catalytf c processes. 

For endottiemiic catalyttc processes, a high heat transfer coefficient will Increase the amount of heat supplied 

to the process fluid and, therefore, the reaction rate end the degree of conversion for a given amount of 
45 catalyst For exottiermic catalytic processes, a high heat transfer coefficient will reduce the temperature of tt)e 

process fluid and, therefore, the reaction rate. Thus catalyst temperatures are more easily controlled and 

excess temperature resulting In catalyst damage are more readily averted. Likewise, undeslred reactions. e,g. 

total oxidations are more easily avoided. 
For reverslbie exottiermic certalytic processes, a high heat transfer coefficient t>etween process fluid and 
60 cooling surfaces will result In (1) the temperatures of tiie process fluid being reduced and (2) ttie equilibrium 

being shifted towards a higher degree of conversion. The total effect %vill frequently be a higher yield. 
Using common commercial catalysts in the form of pellets, rings, or any ottier particulate form, it is not 

possible to Increase ttie heat transfer coefficient between the walls of the catalyst chamber and ttie process 

fluid substantially wKhout simultaneously Increasing the pressure drop. 
» Especially for the steam ref omilng process, tills restriction has been felt For some time, tiierefore, various 

mettiods using catalysts having non-particulate fonn have been described,aiming at obtain^g simultaneously 

a low pressure drop and a high heat transfer coefficient 
In the steam reforminoprocess, the highest degree of conversion for a given amount of catalyst Is obtained 
, when operating at tfie h^hest temperature. For tfiat reason ttie operation temperature often approaches ttie 
eo upper temperature limit for ttie tube material. A uniform temperature distribution along the heat transmitting 

walte wUl pemilt ttie highest average temperature for a given maximum temperature and is, ttierefore. highly 

desirable. 

li4etfiods of obtaining some of ttiese features have been described In ttie literature. Some of ttiese methods 
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utilize bodies which might be used asa catalyst or a catalyst support body If made from a suitable materiaf but 
wWch, according to the description In the Ilteititure, are used otherwise. Below, references wfll be made to 
literature describing catalysts as well as bodies having some of the above features without being catalysts. 

Patent No. 3.785,6a) describes bodies consisting of corrugated lamellae which are proposed to be 
used as static mbcers. ^ 

U.S. Patent isto. 4.296,050 describes pacldng elements for an exchange column made' from a plurality of 
corrugated plates. 

Sales pamphlets fromSulzer Brothers Ltd. describe bodies of slmn^r fbmi as the bodies of the U.S. Patents 
mentioned above.but In ceramic materiai,and propose to use them l,a. as cataJyst support bodies. 

U^. Patent No, 3,1t2,184 describes a method of making ceramic articles some of which have such w 
characteristics as to fulfn the above features If made from a catatytic active materfal or used as. support bodies. 
Such use is not. however, proposed In the description although^ It is stated ttiatbodles of« somewhat similar 
configuration are used In such a way. It is proposed to usetiie articldsformaEdng heal exchangers transferring 
heat from streams flowing through some channels Into streams flowing through othere, but not to effect ttie 
heat transfer through a vessel wall. ^5 

EP Patent Specification Na 0 025 308 disolgsps a process and an apparatus for endotitennic steam 
reforming of hydrocart}ons. A catalyst In the f onn of a structure comprising a stack of profiled plates is 
described. The structure is spaced from the walls of tiie catalyst chamber and has passages angled to the 
overall direction of flow In tfie catalyst chamber ca(Uslng a process fluid to flow altematively ttirough the 
catalyst and for a signlflcant length through a space between ttie structure and tiie heated waHs of ttie'catalyst ao 
chamber. Due to this flow pattern, the boated i^s vyOI. show exended and successive areas of high 
temperature and low temperature caused by prolonged heating ot some of tiie fluid, and decreasing flow rate 
in different areas along the reactor walls resulting In low heat transmission, followed biy massive flow of tiie 
process fluid leaving the catalyst with a reduced temperature due to the reaction Inside the catalyst channels. 

Thus, since the flow pattern acconJIng to the above mentioned EP-patent will not result In a uniform 2S 
temperature distribution In tite fluid entering the catalyst channels at a tilven level at flie cata^'chamber; It Is 
not possible to obtain a uniform cata^st utQbsation. * 

A very high transmission of heat from the walls of the catalyst chamber Into the process fluid Is particularly 
Important when.provlding some of the heat tor steam reforming of hydrocarbons by convective heat exchange 
between the process fluid and a flue gas In a heat exchange refbnner. An essentially even temperature* s) 
distribution along the heat transmitting walls Is also of paramount Importance for this process concept ' 

None of tiie previously proposed mettiods has fully overcome tiie problem of simultaneous^ obtaining (1) a 
very Ibw pressure drop In tfie process fluid passing through the catalyst bed. and (2) a ttgh heat transfer 
coefficient between tiie wall(s). of ihe catalyst chamber and tiie process fluid, and further (3) havfng uniforfn or * 
essentially unlfonn temperature distribution along the heat transmitting wall(6), and (4) efficient utilizlitfon of S& 
the total amount of catalyst. 

The object of tiie present Invention Isto provide a method whteb Combines every fa» pressure drop-In tie 
process fluid passing tiirough tiie catalyst bed and a high'and essentially unlfbnn heat transfer coefficient 
between ttie wall or walls of tiie catalyst chamber and tiie process fluid, combined witii an efficient utilb&fion of 
the catalyst. . - ' ^ 

Accorcflng to one aspect, the invention relates to a metiiod pf canying out a heterogenous catalytic 
chemical process under non-adlabatic conditions {ly passing a stream of a process fluid In one overall flow 
direction tiirough a catalyst contained In a catalyst chamber defined by walls two of which are subetanfially 
unH'onnly spaced.and transmitting heat tiirough at least one of tiie two substantially unlfonnly spaced walls 
between the process fluids Inside the catalyst chamber and a fluid outside the catalyst ch^er. said catalyst 4S 
having a structure of channels arranged (n groups of substantially paraOel channels causing tiie process fluid 
to be subdivided Into a plurality of sub-stteams having actual flow directions angled to tiie two uniformly 
Sliced wallsand to ttie overall flow direction, and changing direction whenever reaching one ofttie waills. *nie 
characteristic feature of this metiiod is tiiat the mass flow towards one of the tv(a substantially Unlfonnly 
spaced walls, at any cross section ortiiogonaS to tile overall flow direction, Is appro:!^f ely equal to ffie mass £p 
flow towards the other of said two walls* the>ftoiw direction of tiie sub-^streams In one gn>up of substantially 
paralleL channels being different from ttiat In the nelghbourjog group or groups of chann^te, and that the actoal 
flow direction of any sub-stream is reflected whenever It rgfji^es one of 'tiie two ^batantiai^ uidformly spaced 
waHs. In this manner there Is obtained an essentifdly t^ilform* temperature diatdbutibn islong ttie heat 
transmitting wall or wails and an efficient utUzation of the total amount of GsgasSjfA Isthu^tnade possible, l.e. 5g 
ttiat tiie amount of catalyst necessary for reaching s desired degree of convecslon* Is diminished . 

The efficiency of the method according to ttie present Invention restdts tram the bnmedlate reversion oFflow 
of any of the sub^treams whenever such a sub-stresim reaches one 'of ttie heat transfenlng Walls; No or only a 
minor flow of tiie fluid outside ttie channels and alongttie beat transfMng waHs Is obtained. This flow pattern 
provides ttie least possible distance between cold spots caused by thefluld ffom tiie channels outiet and hot (tot. 
spots at the channel Inlet. The stmeture of the catalyst chamber ensures urtlfo 

due to the fi^quentahd dose contact of said process fluid to ttie'heat transferring wail oc walls at th; points of 
reftectioh. 

Another feature of ttie above mentioned catalyst chamber Is ^ oontinuoos and prolonged contact of tiie • 
process fluid to ttie catalyst surface obtained by forced angular movement through thfir catalyst chamber. ^. 
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fnterrupted only by the reflection points at the heat transferring wall or walls. 

The ratio between the number of sub-streams directed towards each of the two waDs can be between 1 :100 
and 100:1. It is, however, preferred that the ratio Is between 1:10 and 10:1. Especially, it is preferred that the 
number of sub-streams directed towards one of the substantiaGy unlf onmly spaced walls are approximately the 
5 same as the number of sub-etrsams directed towards the other of said walls. 

It is preferred ttwt the angles between the directions of actual flow through the catalyst and the direction of 
the overall flow through the catalyst bed are from 5 to 85', preferably from 16 to 75*, and especially it Is 
preferred that the angles are approximately 45°. 

It is preferred to use a catalyst wherein flie channels are arranged In layers which are not orthogonal to the 
10 overall direction of flow. Especially, it is prsfen^ to use a catalyst wherein the channels^ m arranged in Is^rs 
which are approxirraitely parallel to the overall direction of flow. 

The manufacture of the catalyst Is partiodariy simple when the liters are angled from G to 90^ to the heat 
transmitting waii(s). It is espedaUy pref^nred that the channels are arranged In layers which are approxbnately 
orthogonal to the heat transmitting wails. 
IS An optimum combination of pressure drop and rate of heat transfer results when the streaming process 
fluid, when reaching whichever of the two unffonmly spaced walls, is reflected or thrown back towards the 
oppose waO In a silt between me wall In question and the catalyst, the width of said slit being less than one 
fifth of the dtetance t)etween the two uniformly spaced walls. 

In one embodiment of a catalyst chaml>er complying with the method of the Inventlon.the two substantiaDy 
SO uniformly spaced walls are coaxial cylindrical walls, the catalyst chamber being annular and the overall flow 
direction of the process fluid be^g parallel to the common axis of the cylindrical walls. 

in another embodiment of a catalyst chamber complying with the method of the invention, the two 
substantially unifbmrily spaced wans are parallel and plane, the catalyst having t^ 
one pair of parallel sides. 

2S The manufacture of a catalyst which may be used in the method of the Invention, and the later loading 
thereof into a catalyst chamber Is facflltated when using a catalyst wherein the catalyst is In the form of 
essentially Identical bodies placed in the catalyst diamber In a systematic way. 

Complying with the method of the invention, a process fluid can be brought to flow in sub-streams being 
arranged in sets of layers, the direction of the flow In one set of layers being essentially parallel and different 
30 flrom the direction In the neighbouring set or sets of layers, each set of layers comprising a small number of 
layers, preferably one or two. 

A simple way of obtaining such aflow Is by means of a catalyst or catalyst support body comprising layers of 
sheets defining channels. 

The described flow pattern may e.g. be obtained by using as a catalyst or catalyst support body a stacic 
3S composed of conugateid sheets, preferably alteniating with plane sheets. Both types of sheet may.e.g., be. 
made In a manner known per se and from a material compatible wKh tiie cata^ material and the chemical 
process. The stack may comprise one layer of channels in each set of elttier streaming direction and take the 
tbilowfng form: 
& a corrugated sheet, orientation A 
40 b. a plane sheet 

c. a conrugated sheet, orientation B 

d. a plane sheet this sequence being repeated until the desired size Is obtained. It is not mandatory that all 
sheets have the same size nor are cut to size along straight lines. Actually, it may often be preferable to cut the 
plane sheets to a size sllghtiy less than the overall size of the cormgated sheets and/or give them a pair of 

45 serrated edges at tfie sides to become mounted against said waHs of essentially constant spacing. 

It is suitable to pass the process fluid through a catalyst bed wherein the channels are substantially straight, 
the angles between the actual directions of the sub-streams and the overall flow direction being 6"" to 85"". 
preferably 15** to 75** and notably approximately 46*. 
The flow pattern characteristic for the method of the Invention may also be obtained using only corrugated 

59 sheets and stacking them using altemately sheets of orientations A and B. 

In one of the above mentioned embodiments of a catalyst chamber complying wtth the method of the 
Invention said two walls ana coaxial cylindrical walls. This requires a catalyst In tiie form of a hollow cyiincfrteal 
body. A catalyst or catalyst support body of such form producing tfie flow pattern and heat transmlsston 
characterizing the method of the Invention may as an exarnple be manufactured by cutting stacks of sheets as 

^ described above and placing these stacks wHhIn two walls forming an annular mouW. The stacks may e.g. be 
deformed suffldent^ for them to attain tiie form of segments of a hollow cylindrical body and tiius flt Into the 
mould It should be borne In mind that flie diameter of ttie two walls of tiie mould (corresponding to inner and 
outer wall, respectively, of a catalyst chamber) usually must differ sQghtiy from the actual diameter of tiie 
corresponding wails of the catalyst chamber in order to allow for a possible different thermal expanston for 

€0 catalyst or catalyst support body and tiie material of the catalyst chamber and to allow for desired sots 
between catalyst and walls. 

It Is especially preferred to stack tiie sheets defining tiie stream pattern in ttie above said mould In such a 
manner that all flow directions become airanged In planes essentially parallel to the overall direction of flow 
when the catalyst has been loaded into a catalyst chamber. 

65 the sheets can be stacked ortiiogonaliy or obliquely relative to the wails of the above sM mould and ttius 



4 



EP 030&,203 A2 



obliquely relative to the heat transmitting waifs when the catalyst has become toaded into a catalyst, chamber 
The method, of the Invention Is not lestricted to the use of bodies prepared from stacka of sheets 
comprising conrugated sheets or, wherv using conrugated sheets, to use a special form of corrugation or to use 
the same form or size of conrugatfon for all corrugated sheets. Any other means of obtaining said flow pattern, 
while obtaining a transmission of heat between the .process fluid and the heat trenamffting wkl(s) is 5 
considered part of the invention when used In oanyfng out non-adlabatic catalySc processes. 
. The flow pattern and heat transmission characterizing the method of the Invention may e.Q. be obtained 
using instead of sheets a great number of essentially Identical, pipes placed between two walls of 
approximately constant spacing of which at least one fs heat transmitting. Stacking pipes of e.g. rectangular 
cross section and having length exeeding the distance between said two wails in such way as to obtain 10 
consecutive piles of pipes of alternating orientation, one leading towards one wall, the other towards the other 
wall.wlll provide for the desired flow pattern and give rise to only a small pressure drop. EacK partial str^ 
leaving a pipe will, when reaching one of the waHs revert towards the other wall through neighbouring pipes of 
opposite orientation. If the. wall Is heat transmitSng, this reversion causes a high heat tneunsfer coeffteient 
between process fluid and wall. /^^ 

The flow pattern and heat transfer characterising the method of the invention may also be' obtained e.g. 
using (Instaad of pipes) cyfindere having two or more fluid passages extending axially therethrough finom one 
end to the other. 

In order to transform a catalyst support body providing the desired flow pattern and producing the desfrBd 
heat transmission into a catalyst usable for carrying out the method of the invention such body may «.g. be 20 
impregnated or coated using an Impregnation or coating technique and active materials knovyn perse. 

The method of the invention may be utilized when carrying out a heterogeneous cala^ chemteal process 
el non-adlabatic conditions and It is not restricted to any particular process. 

The process canied out can be an exothennic proca$8, especially partial oxidation of hydrocarbonis. or 
alcohols, or hydrocarbon synthesis from carbon oxides and fiydrogen. , 2s 

For partial oxktatton of hydrocaif}on8 or alcohols-one can, a.g. use a coated catalyst support consisting of 
for instance glass wcx>l paper, the coating oonslsting of, e.g., approsdroately (w/Vi^ molybdenum oxfde 
and 20<Vb (w/W) Iron oxide promoted with chromium oxida. - 

Synthesiaof hydrocarbons from carixsn oxidea may t^ oaiirSed out by use of a coated catalyst support body 
consisting of, e.g; ceramic paper based omalumfnaflbere, tiie coating consisting of. e.g. 25n5(m (w/wj NF and 30 
the t^alance alumina. 

The process carried out can also be an endothermic process, especialty steam reforming of hydrocart}ons, 
preferably carried out in a heat exchange reformer. 

Such steam reforming may be carried out for Instance i}y use of a osated catalyst support body consisting 
of, e.g., ceramic paper based on alumina fibere, the coating consisting of, e.g., SSfilQ (w/w) Nl. tiie otiier main 35 
components being magnesia and alumina 

The Inverition is explained bQk>w wtti^ reference to the drawings, wherein 

Fig, 1 shows a horizontal section of a catalytic reactor comprising a catalyst bed usable for carrying out the 
method of the Invention. 

Fig. 2 shows a vertical section of a part of the risactor of ffg. 1 taken along tiie line a-a, 40 
Fig. 3 shows a perepectlve view of apdrt of acatalyst or catalyst suppQrtbodywhlchmay.be used Incanyfiig 
out the metfiod of the invention. 
Fig. 4 shows a detail of the body shown ih Fig. a on an enlarged scale. 

Fig. 5 shows another catalyst or cafa^ support body for carrying out the method of th.e Invention from 
which body a part has b^en taken away, ' 4^ 

Rg. 6 shows a vmUcal section of ttie tsody of Fig. 5 placed between two walls,- end 
Fig. 7 shows a.sk6tch of tiie experimental set-up used to determine pressure drops and heat transfer 
coefficients. 

The figiHes are simplified and do not show, e.g.. thickness of plane or conrugated eheets. 

The difference between a catalyst and a cata^ support body cannot be discerned from the drawings and 5(£> 
the ffgures do not attempt to make sudh dffferentiatiori. 

Flg.1 shows a horizontal section through a reactor, The.mactor has an annularcatalyst chamber loaded wtth 
a catalyst suitable for canying out the metiiod of tiie invention. The process fluid ffov^ down towards the 
catalyst The catalyst body consists of corrugated sheets 14r IB and plane ^eets t6. The conrugated sheets 
have alternating orientations. The fluid channels 17 defined by tiie comjgated sheets 14 and the plane sheets ^ 
16 at eitiier side lead fluid flawing down onto the catalyst body towards tiie outer wait 20 of the.'catal^ 
chamber, whereas the fluid ohennels 18 deflned by the conuigated sheets IS andtiiepiane sheets l&at eitiier 
side lead tiie fluid towards the Inner wall 19. In the catalyst shown In the figure, all sheets are essentially 
orthogonal to the surface of tKJth walls 19. 20. 

The sGts between catalyst and walls are not shown In Fig. 1. ^ 

Fig. 2 shows a vertical section of tiie top part of tiie reactor and the catalyst t>ody of Fig. 1 along thellne a-u 
The overall direction of flow Is Indicated by tiie am)v\^ C. All layers of aub-S[freams and of the channels in which 
tiiey flow are parallel to tiie overedl diretition of flow. C. and being ortogonal to the walte, the plane of a layer will 
coindde with the cut. The left part of the figure ^hows a section through a coimgated sheet 14 listing 
sub-^ams in channels 17 leading the sul>-etrBamalh thedlrection of tiie outer wan 2Dwhereas the r^ht part «5 



8 



& 0305203 A2 



10 



15 



20 



Of ttwflgure shmvs a section through a comigated sheet 15 having sub-streams In channels 18 leading the 
sub-streams In the dfrectlon of the Inner waO 19. The flow directions of the sub-streams are IndicatMl by 
aiTOws. The corrugated sheet tjfing beneath the sheet being sectioned and the plane sheet In between these 
^te is mdicmed by dashed Ones. The flow at this lower level has been indicated bydaTi aSSnielK 
reflection or throwing back" upon reaching either of the wails Is Indl cated Iw sMfURa ftam ftdl to dashed 
arrws at the reversal corresponding to the shifting from the plane of the figure to an urtdeilying plane 

The silts between catalyst and wails are not shown h Rg. 2. 

,«2^^"^flS!??!if'ir'^S!~T^^^^ and 2may^.g.^ the catalyst chamber of a heat exchange 
reformer of ih^Wnd disclosed In published European PatertApplleatlonNa 
At or near thoedges of sheets against the biner and outer waHs zones win occur with DtUe net flow and 

teJM<rfone ortwoctannrf^^pl^ heat conductance In the waH or wans will efti^J 

lewel out any temperature difference caused by such rones and no uneven temperature distribution wai be 

i™!!Sil*'l2I^ a section of a catalyst or catalyst support body which may be used In accordance with the 
taventton. Ttw section consists of a stack of essentially paraUel sheets 14. 15. 16. the sheets 14 haHnaa 
coT^tflon erf orientatton A. the sheets 16 having oonugatlons of orientattons B. and the sheets 16 belna 
plane. The stack has been made by stacWng the sheets In the following order (fwm 

- one plane sheet 16 

- one convgated sheet 14, orientation A 
• one plane sheet 16 

a? - one comigated sheet 15. orientation B 

this sequence being conflnued throughout the stadc 

THe corrugated sheets 14 define together with the plane sheets 16 below and on top of it essentially straight 
^ntlSJ ^, tbgether with the plane sheets 16 below and on top^ it 

L^^*^:?^*" ^® of the two systems of channels 17. 18 being different. The 

channels of either directkin are anmged In assenttalV paialiel layers. 

J^^Z^ifH^M^ figure may be made In the catalyst shown In Figs. 1 and 2. the overall ftow 
dft^ctton be^ng indcated by an arrow C e.0. one of the bteectore of the angles formed by the directions of the 
channete 17. 18. No defonnatton to aooommodate to the toading m an annular catalyst dtamber Is shown 
ng. 4 end view of a oomigated sheet seen along the corrugations. The figure Indkstes the 

dimensions E and L being eharecterlstto for the conugaUon. 

Fig. 5 shorn a perepective view of another embodiment of a catalyst or catalyst support body suitable for 
canyftg art the method of the Invention, a part of the body having been taken away. This body consists of 
Wpeszi, 22 toving re«^guiar cross section. TTio pipes are stacked In piles 23. 24 with altemating orientation 
orthe pipes, ttie pDes 23 consisting of pipes 21 having an orientation different from that of the pipes 22 of ths 
•J'l!"^^ ^' *® ^ P*^®^ ^ transfer characteristic of the Imrentlon. Some of the pOes 26 are 
Tmk !2 '^'^ ^ """y- only some of the pipes are shown In the foremost of the pOes 27. 

Aimough the pipes of different pOes are shown reaching the same level, this is not mandatory. 
« exptejlned wtth reference to Rgs. 1 and 2. no uneven temperature distribution win be noticeable at the waO 
fs or wails when this embodiment Is used for the process. «uwwa» 
«f body of Rg. 5. The body Is placed betweentwo walls 2ScuttIng one pile 

S^i^^ .iaHtTt^!^'??^^ *^ P"*- The P«P«» of Ihe pBe of pipes 22 laying |ust benet^ 

the 1^ shown Is Indicated by dashed fln^ and the fluM flows are Indicated by soUd arrows and dashed 
» 1^? ^ essentlBlIy constant spacing. The reflection of the flows upon 

» 'Baching these waDs Is toidkated by the arrows. 

^^'J a sketch of the experimental set-up used to determine pressure drops and heat transfer 
weffldenta for differert models of catalyst bodlea and catalyst partkdeb^^ 
The reference numbere of Hg. 7 refte to the foDowIng Items: 
(1) an air compressor. sucHon capaolty & 260 m»/hr. 
<S (2) an air vessel 

(3) a closing valve 

(4) a reduction valve 

(6) a precision pressure gauge. 0-15 kg/cm2g 
(6) a flowmeter 0-101 Nms/hr. at 5 kg/cmZg. 15"C 
0 (7) a manually operated regulating valve 

Th2/C^LS"iS^?^f I^I? ^° ^^"^ transmitting wans 11. 12 at essentially constant distance, 
a^b^ ^ JSuE^H^I"* T^^ 52?"^°"' ^^'^ *^ 0"« « *e whole 

XSlsZXTilS^!^'- "^""^ ^ '^^^ top Of an air 

S The distance between the radlatore couM be modifled by placing sheets of cardboard between one of the 
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radiators and the taths. 

(9) a cataTyst tMdy or catalyst bed 

(10) a U-tube manoraeter 

The Invention and the advantagee obtafnetf are explained In mora detail In the Example below. 
Bcample 

In an es^mental set-up. models of cata^s providing the characteristics of the Invention were compared 
with specimens of standard catalysts for ste^ feformlng of hydrocarbons. 

TTirce models of cross-aranged corrugated catalyst support bodies wer^ prepared from cornjgated 
cardboard. Models 1 and 2 consisted of cross^anranged corrugated cardboard having a wave helght E. of 2JS ' 
and 4.4 mm and having a plane sheet (a finer). 1^ m^de up (ike the body shown fn Rg. 3. Model 3 consisted of 
cross-arranged corrugated cardboard having a wave height. E. of 2.1 mm and not having a liner For 
comparison, con^spondlng experiments were cairied qut using specimens of standard catalyst rings %ij|th 
OD/ID X H « 16.7/7.8 X 10.4 mm and standard oataiyat cyllndera with OD x H 5.3 x 5.1 mm ' 

The date of the tested catalyst models and ^felysf partloles m stated In Table 1. 
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Table 1 



Pilling 


Model 
1 


MQdQl 
2 


Model 

• 3 


Ring's 


Cvlinders 


Material 


Car4- 
board 


G^rd-!- 
boaird 


Card* . 
board 


Ceraaic Ceramic 
magnesium magnesium 
aliaminate aluuninate 
spinel . spinel 


S.f mm 


2.5 


4-4. 


2.1 






L t mm 


7.1 




6,4 






Corrugation 
Factor 


1-3 


•1*5 


1.3 






0D|^ ana 








16wT 


•5^3 


ID, nun 








7.8 












10.4 


5.1 . 


VOID, % 


. 82 




91 


52.2 


34.6 


S/V, m^M^ 


ia4ft 


114ft 


1241} 


3 eg 


1ST 



25 



so 



ss 
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The dimensions E and It are izii&icated' in Fig. 4. 
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TTie corrugation factor Is defined as the r«la between the actual up^^^ 
and the projected area of this sheet on a plane atifltfitoh the eorrugaled sheet Is bFougM^to rest S/V te the 
outer surface (m^) per volume \m% 

It la noted that the outer surface per volume (BN\ Is t.^^ times largpFfcir the cross-arranged caidboaix! 
models than for the 6^ x 6.1. mm cyUnders. Thus, for the retbrmlng process It is ei^oted that the catalyst 
actfvlty per volume wlil be higher when using a cross-arranged catalyst than vwhen using. 5L3 x 5. 1 mm catelyst 
cylinders, since the effectiveness factor of the refomiing reaction is very low, typically less ttwn In the 
bottom 80% of an ordinaiy tuhqlar refotmer and decreasing to less ttian at ttie bottom cf J R 
Rostrup-NIelsen. Catalytic Steam Refomilng, Springer Vertiag. Berfirt (1934), p. 69- • ' *• 

The heal transfer and pressure drop properties of the models antfd ttie catalyst ca^dei^ and rings were 
determined In a 1(X» mm long vertical channef havlng SS x 3d0 mm.rectangular hori^ontat cross sAstlon The 
^o walls of 300 X 1000 mm were two parallel pjane mdialore wherein hot water at SGTC was dreulated The 
cartboardmodeteof dimensions 56x300x1000 mm were an^ 

to the heating surfacesand paralTei to the direction of overall flow. Thocfiatanoe between the radlatore couldbe 
Inoreased at wnr as above said. w«»uu« 
Fig. 7 shows a sketch of the experimental seNip. When carrying out an experiment; a sfream of air was 
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passed down through the channel containing a cardboard model or catalyst cylinders or rings. The pressure 
drop across the "catelyst fining* and the heat transfer were determined. Vahra (3) was opened and the 
reduction valve (4) and the control valve (7) were adjusted to obtain a reading on th« pressure gauge (5) of 6 
kg/cm2g and the flowmeter (6) showed a predetennlned reading. The pressure drop jcross the catalyst fDIIng 

5 (9) Indicated by the U-tube nanometer (10) was read. 

The temperatures of the catalyst or cardboard model and the hot water were recorded at 5-10 minute 
lnten«ls untO the recorded temperatures were stable. The difference between the hot water temperature at 
Wet and outlet was less than 2* C In aD experiments. In the Interpretation of the measurements it was assumed 
that the temperature was the same In all positions on the radiator walls. 

10 The physical properties of the gas flow of the experiments are stated in the below Table Z 
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Table 2 

G, Mass Flux^ kg/m^/h 7 •2x10^ 

20 ^, Viscosity, kg/m/h 0.070 

k. Conductivity, kcal/m/h/^C 0,023 

25 

Cp, Heat Capacity, kcal/kg/^C 0,24 

30 ^9 <5as Density, kg/m^ 1,09 



3S Thirteen thermocouples were placed In the catalyst or models. 

In the experiments using catalyst rings or <^ndere, the distance between the radiator walls was 60 mm and 
all the thennocouples were placed In the centre plane between the two radiator walls. One thennocouple was 
placed on the centre One 10 mm from the bottom (gas outlet) and the remaining 12 were placed 10, 125, 250. 
and 500 mm fixim the top and In three different lateral positions: On the centre line, 95 nun to the left, and 95 

4^ mm to the right 

in the experiments testing the cardboard models, all thermocouples - except two - were placed in the 

centre plane orthogonal to the radiator wail& Fh^ thennocouples were placed on the centre line 10 mm from 

the bottom (gas outlet) and 10, 125, 2Sa and 500 mm from the top. Sbc thennocouples were placed 19.5 mm 

from the centre line 125, 250. and 600 mm from the top, three on the near side of the centre plane between the 

45 two radiator walls and three on the far side. The numaining two thermocouples were placed In the centre plane 

between the two radiator walls 250 mm fiw the top and 1 05 mm from the centre nn^^ 
the riglit. 

Itie results obtedned in the various expeitnents are summarized In Table 3. 

60 
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yable 3 

Determinations of Hesit Transfer Coefficient, Hf and Pressure' 
Drop per m of Filling, 



rilling 


Slit 
between 
wall and 
filling, 
mm 


kcal 
m2hr**C 


- mm H^O/m 


Mod^l 1 


1.2 


■ 163 


81 




2.4 


117 


72 


Model 2 


0.6 


230- 


182 




1.2 


187 


49 




2.4 


122* 


34 


Model 3 


0 


193 


133 




. 0.6 


196 


107 




1,2 


. 161. 


'.93 


Standard Catalyst 
Ring, 

16 •.7/7.8x10.4^ mm 


0 


152 . 


249 . 


Standard Catalyst 

Cylinder, 

5 • 3x5.1 mm 


0 


. 152 


U41 
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drops found for the oardboard models are lower, in some cases an order of magnitude lower 
than those found for the catalyst particles. 

^* ^l^Sa^^^ ^ cardboard models are higher than those found tor the catalyst 
parades. provMed that the slit width between the specimen and the waD does not exceed 1 2 mm^ 

teiS^TZl^tSJ^^lS """^ 1 and 2.11 Is seen that Increasing the channel width 

leaas lo superior heat transrer and pressure drop properties. 

h,S^S^!iB^,^^!n^ 2 and 3.lt is seen that the pressure drop may be 

^^^S^tX^ or catalyst support body (model 3) having no liner by a catalyst or a catalyst 

10 teKSJ SSE^ " per volume (S/V) and yielding the same 

10 neai vansier coefflclsnt when using the same silt width. 

JH^!^^^^^!^^ '^"^ *® "fl"^^ and in the above Example, a number of embodiments ol a 
oteb^complying with *,e method of the bwention have been described in detail and the expertmenTrmtSls 

IS ^^^^^M^r «?^'««^l'«"f»««nfl only and not mstrtctlng the method rtflw hventlon to the 
IS speciflca% described embodiments. Any means of realizing the flow pattern and heat translerrlna 

nS^Sc '^XTT' "^^"^ ^ " h;ten,fleneous%ytlc cheXl^^i 

non^tabaUo conditions is considered part of the bwention only being restricted by the scope of the 
appended claims. ' 

ao b,^|„°*^'®*^**''~^^**'*®**'^Bundulallngcon™gatlonswOlfo^ 

Also Mmi^ted sheets (having sbaight or undulating conugaUons) may be given a secondary conugatlon 
optonaUy hnrfng otherfomi or size end an orientation dUferant from the primaiy comjgatlon may be used 
aocoramg to the nvenUon. 

Further possibilities comprise apertured sheets or sheets having surfoce projections. 
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1 . A method of carrying out a heterogenous catalytic chemkai process under non-adiabatic conditions by 
passlr^ a sfraam of a process fluid in one overan flow direction through a catalyst contained In a catalyst 
chamber *flnod by walls two of which are substantially unlfonnly spaced, and transmitting heat through at 
le^ one of the twasubstanttaOy uniformly spaced wails between the process fluid Inside the catalyst chamber 
and a fluid outside the catalyst chamber, said catalyst having a structure of channels ananged In grouM of 
aibstantlaliy parallel channels causing the process fluid to be sub-divided Into a pluraOty of sub-streams 
toving actual flow directions angled to the two unifontily spaced waBs and to the overall flow direction and 
changingtfrectton whenever reaching one of the walls, characterfzed in that the mass flow towards one of the 
'^i?^ untfbrmiy spaced walls, at any cross section orthogonal to the overall flow direction, is 
approjdmateV equal to the mass flow towards the other of eald two wafls. the flow direction of the sub-streams 
in one of said groups of substantially paraflei channels being different ftam that in the neighbouring group or 
groups of channels, 

and that the a^ flow direotlon of any aub-etream Is reflected whenever It reaches one of the two 
substantojr unllb^ spaced wails thereby leaving a channel and entering a channel of said neighbouring 
group of channelB, 80 as to direct the sub-stBam towards the other of those wans. 
-.ZJl!I?T*^ ^ ^' of sub-streams directed towarts one of the 

^f^T^aH^^ JVaced waOs la approxInnateV the sanra as the number of sub-streams directed 
towards the other of eald wails. 

u^aai*^ *!.^'^** m claim 1 or claim 2. using a catalyst wherein the channels are arranged In iayere 
which are approximately paranel to the overall direction of flow. ay 

4. A nwtliod as claimed in any one of claims 1-3. using a catalyst wherein the channels are all arranged In 
lajrere which are approximately orthogonal to the heat transmitting wan or walls 

T**"** ^ ""^"^ ""^ 1-4. using a catalyst chamber In which the two substantlany 

tT*^ cyOndricai walls, the catalyst chamber being annular and the oveiall floiv 

drecflon the process fluid bebtg parallel to the common axis of the oynndrfcal walls, 
.■n^m,*!! « !f '^^"^ In any one of claims 1-4. using a catalyst chamber in wMoh the two substantlafly 



e^Ji^XJLf^!T '"."Vonf 5* 1-6' «^fl « <»ta«y8t whmin the catalyst Is in the form of 
easentiaiV Identical bodies placed In the catalyst chamber in a systematic vmw. 

9 1 ^'L *^'«»' ^ endothemtlc reaction. 

n^^^^ ^ In oWm 8. wherein the chemical reaction Is steam refomiing of hydrt)cafbons. 

preferably in a heat exchange reformer. "w>ii~i«.. 

reaction such as partial oxidation of hydrocarbons or alcohols, or hydrocariran synthesis from cariion oxides 
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and hydrogen. 

11. An apparatus- for carrying, out a heterogensQUs catalytte chemical process under non-adiabat!c 
conditions, said apparatus comprising a catalyst chamber having an entrance and an exit and being defined by 
walls two of which are substantially unlfdnnly sjjaced. at.least one of the aald two substantially uniformly 
spaced walls being adapted to allow the tmnsmlttance of heat therethrough, said catalyst chamber containing 5 
a catalyst having a structure of channels anroged In groups of substantially parallel channeis connected to 
provide a flow path from the entrance to the exit of the catalyst chamber, said channela being angled to the two 
unlfbmiiy spaced walls and changing direction whenever reachlngone of the walls, th& direction of one of said 
group of substantially parallel channelsr befn^ difT^rsnt from that of the neighbour&ig grouB> or groups of 
channels, so that 10 
the actual flow direction of a process fluid passing from the entrance to the exit of the process chamberls 
reflected whenever It reaches one of the two substantially uniformly spaced walls thereby reaving a channel 

and entering a channel of said neighbouring group of channels, so as to direct this fluid towards the other of 
those walls. 

12. An apparatus for canying out a heterogeneous catalytic chemfcat process under non^iabatic 15 
conditions, said apparatus comprising acata^ feftevnber having an entrance and an exit and being defined by 
waHs two of which are substantially unlfomity spsteed, at feast.one of the said two substantially unlforTnly 
spaced walls being adapted to allow the transmlttance of heat fterethrough, said cataly^ chamber containing 

a catalyst having a sfructure of channels arrangecf In groups of substantially parallef channels connected to 
provide a flow pathfrom the entrance to the exit df the catalyst chamber, said channels being angled to the two ^ 
uniformly spaced walls andchanging dlrecfloh beffore reaching one of thtf walls, the direction of one of said 
group of substantially parallel channels being different from th^ of the neighbouring group or groups of 
channels, so that the Inner surfaoa of said walls \$ In substantially total contact with the process fluid, and so ' 
that the actual flow direction of aprocesafluidpas^friom th^f entrance to the exft of the process chamber is 
reflected whenever it reaches one of the two aubStanSally uniformly spaced waifs thereby leaving a channel 25 
and entering a channeF of said neighbouring group of channels^, so as f adireot the flufd towards the other of 
those wans. 



so 



35 



40 



so 



6$ 



ff 



EP 0305203 Ad 




FIG. A 



EP Q305203 A2 



FI&.5 




EP 0305203 A2 

FIG.6 



21 



EP^ 0305203 A2 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



